This paper analyzes a demand system for eight major fresh vegetables in the USA using the most recently available dataset . A first-differenced Linear Approximate Almost Ideal Demand System (LA-AIDS) is applied to estimate price and expenditure elasticity of demand, imposing homogeneity and symmetry restrictions. We find that not only are consumers responsive to changes in own-prices but they also respond significantly to changes in prices of other fresh vegetables that are consumed together. Conditional budget share allocation to lettuce, cabbage, and celery has declined, while the share of the consumer dollar going to tomatoes, peppers, and onions has increased over the period. Except for cabbage, all own-price elasticity estimates are negative, less than unity in absolute value, and statistically significant. About half of the 56 cross-price elasticities are negative and significant, indicating high, albeit asymmetric, complementarities among these fresh vegetables. Expenditure elasticities are positive and significant for all but one of these eight vegetables. Over the period under consideration, demand and expenditure elasticities remained fairly stable.
Introduction
The demand for fresh produce in the United States continues to increase yearly due, in large part, to consumer awareness about the linkages between diet and health. Per capita consumption of fresh vegetables increased roughly 12% between 1989 and 1999, compared to 9.9% for all fresh fruits and vegetables [1] . Rising incomes and the changing demographic makeup of the USA population has also contributed to increased demand for fresh produce. Studies have shown that consumption of fresh fruits and vegetables is positively correlated with incomes [2] . The demand for specialty and ethnic fresh fruits and vegetables is growing, spurred by increases in Hispanic and Asian populations, who tend to have more fresh-produce-based diets than the rest of the population. According to the USA Census Bureau [3] , Hispanics and Asians combined now make up about 21% of the USA population, up from 16% in the year 2000.
Estimates show that a typical Hispanic household spent about $408 on fresh produce in 1998, compared to $292 for a white household and $217 for an African American household [2] .
A number of authors have estimated the demand elasticities for fresh vegetables in the United States. Notable among them are You et al. [4, 5] and Henneberry et al. [6] . You, Huang, and Epperson (hereafter YHE) used data on per capita annual consumption of eight fresh vegetables from 1960 to 1993 while Henneberry, Piewthongngam, and Qiang (hereafter HPQ) used data on consumption of fourteen major vegetables from 1970 to 1992. A considerable amount of health information has become available to consumers since these two studies were published. Consumers' attitudes to consumption of fresh vegetables may have changed as a consequence of this health awareness. The current paper contributes to the literature by empirically determining what changing patterns have occurred in the demand for fresh 2 Economics Research International vegetables. We achieve this by using an extended dataset over the period 1970-2010 to estimate the demand for fresh vegetables in the USA.
YHE [4] found that demand for major fresh vegetables in the USA was generally price inelastic over the period . Their study also found that " [t] he majority of the estimated cross-price elasticities were statistically insignificant, indicating that for the eight fresh vegetables studied, generally the demand relationship were neutral." Expenditure effects were found to be highly elastic for five of these vegetables, with the exception of tomatoes, cabbages, and celery, which had insignificant or inelastic effects. YHE [5] found that demand for fresh fruits and vegetables responds significantly to changes in own-price, but not to changes in income. Thus, they concluded that income was not a significant determinant of consumer demand for fresh vegetables and fruits in the USA The current study presents evidence that these fresh vegetables exhibit more complementarities than previously thought, and that demand for these vegetables shows high responsiveness to changes in income, contrary to the findings of YHE [5] .
The objective of the present paper is to analyze the effects of prices and expenditures on demand for fresh vegetables in the USA using more recent data. Estimates of price and expenditure elasticities are derived to investigate changes in demand and consumption patterns of major fresh vegetables consumed in the United States over the period of 1970 through 2010. Eight fresh vegetables, originally covered by YHE [4] , including, cabbages, carrots, celery, cucumbers, lettuce, onions, peppers, and tomatoes are covered in this study. These eight account for about 80% of all fresh vegetables consumed in the USA Much like YHE [4] and HPQ [6] , we apply the Linear Approximate version of the Almost Ideal Demand System (LA-AIDS) proposed by Deaton and Muellbauer [7] to estimate demand elasticities for these major fresh vegetables.
The link between diet and health has been the subject matter of intense research in the medical profession. Epidemiological studies have drawn links between the consumption of high fat diets and coronary heart diseases [8, 9] . On the other hand, it has been established that diets rich in fiber, such as fruits and vegetables, are negatively correlated with the risk of coronary heart diseases [10] . Since the 1990s a lot of health awareness information has become available to consumers, thus, changing their attitudes to consumption of fresh vegetables. Capps and Schmitz [11] study the impact of health and nutritional awareness on food demand in the USA They found that consumers do consider health and nutritional information, usually obtained from the news media and medical personnel, in their choice of diets, particularly, with regard to consumption of food that may be high in fat and cholesterol.
As more people have access to fresh fruits and vegetables through local food systems, demand for fruits and vegetables can be expected to increase. According to the USDA [12] , farmer markets have seen an exponential growth in the USA, from 1,755 in 1994 to 7,175 in 2011, an increase of more than 300%. This means that more people now have access to fresh fruits and vegetables and this should reflect in increased consumption. This has also been attributed to growing interest of consumers in obtaining fresh and healthy produce.
The rest of the paper is organized as follows: Section 2 discusses the theoretical underpinnings of demand systems and Section 3 examines two-stage budgeting and weak separability. In Sections 4 and 5 we present the empirical analytical methods and data, while Section 6 discusses the results. Finally, Section 7 draws conclusions based on findings of the study.
Theoretical Demand Systems
Two approaches have generally been followed to estimate demand for any type of commodity. The first is a utility maximization approach in which consumers are assumed to choose a bundle of goods that give them maximum satisfaction given their budget. Thus, the problem facing the consumer is to solve the following constraint maximization function which specifies utility as a function of quantities consumed (direct utility) subject to the budget constraint:
Alternatively, consumers could be assumed to maximize an indirect utility function given by
where V (P, Y ) is the maximum attainable level of utility at given prices and income. The solution to either (1) or (2) yields a system of demand functions
where Q * is the set of Marshallian or uncompensated demand functions. The above approach is known as the primal preference approach. Under duality utility theory, demand functions may also be derived from the dual problem (expenditure minimization) given by
the solution of which gives the expenditure minimizing bundle, h(P, U), described as Hicksian or compensated demand functions [13] .
The second approach to estimating demand is the systems approach which posits a demand system consisting of goods that belong to the same subgroup in a multistage budgeting framework. Two of the most commonly used demand systems are the Rotterdam model and the Almost Ideal Demand System (AIDS) model. According to Alston and Chalfant [14] , the AIDS model has been used much more often than other demand systems such as the linear (or quadratic) expenditure system, or even the Rotterdam model. The popularity of the AIDS demand system has been attributed to two critical properties; first, "it is as flexible as other locally flexible functional forms (such as the Translog) and has the added advantage of being compatible with aggregation over consumers" [14] . Secondly, the AIDS system, in its Linear Approximate form (LA-AIDS), is relatively easy to estimate and permits testing of theoretical restrictions (such as homogeneity and symmetry).
The Rotterdam model was proposed by Barten [15] and Theil [16] and it is also considered as a locally flexible functional form. It has identical data requirements like the AIDS model but has been used less often, probably because of its earlier perceived restrictive nature. However, the two models do not often give the same results. For cases of incongruent outcomes using these models in demand studies, see Alston and Chalfant [17, 18] , and Brester and Wohlgenant [19] .
Two-Stage Budgeting and Weak Separability
Two-stage budgeting assumes that consumers allocate their disposable incomes to various commodities in two successive stages. Stage 1 involves allocating incomes to broad groups (e.g., food, shelter, and clothing). In stage 2 the budget of each group, such as food, is further allocated across successively disaggregated bundles of commodities (e.g., vegetables, meats, and cereal). Figure 1 , adapted from Goddard [20] , illustrate a multi-stage budgeting process.
Two-stage budgeting is advantageous to estimating the demand system in that at each stage one only needs information about prices and quantities on commodities within that group. For example, in Figure 1 , to estimate the demand functions for the vegetables group, we need information only on prices and quantities of vegetables. According to Phlips [21] , "a subset of demand equations inside a branch can be estimated using only the prices of goods and total expenditures on goods in the branch." This does not, however, imply that prices of goods outside the vegetables branch and total income are not important to the consumer's decision-making process, but rather, what it means is that prices and income in other branches (say meat and cereals) enter the vegetables branch only through their effect on the budget allocated to that branch.
A necessary and sufficient condition for two-stage budgeting is weak separability of the utility functions. Weak separability implies that commodities can be partitioned into a number of sub-groups, such that the "marginal rate of substitution between any two goods i and j belonging to the same group is independent of the quantities consumed of goods outside the sub-group" [21, 22] . We assume weak separability of the fresh vegetables group. HPQ [6] found that fresh vegetables are weakly separable from fresh fruits and other food commodities.
Analytical Methods
Following YHE [4] , we use the Almost Ideal Demand System (AIDS) model proposed by Deaton and Muellbauer [7] to estimate demand elasticities for fresh vegetables in the United States. The Linear Approximate version of the AIDS (LA-AIDS) model is presented as follows:
where w i denotes the expenditure share of commodity i, p j is the price of the jth commodity, and x is the total expenditure on all m commodities in the subgroup. Finally, P is the Stone's geometric price index, defined as:
The theoretical restrictions of this demand system require;
YHE [4] notes that the adding-up conditions are automatically satisfied, but homogeneity and symmetry need to 4 Economics Research International be imposed during estimation of the system. To avoid singularity of the variance-covariance matrix in the estimation of this system, one of the equations is arbitrarily dropped. The coefficients of the dropped equation are then recovered by using the adding-up conditions.
Misspecification Tests.
Misspecification testing, especially of functional form and autocorrelation, is very important in the context of systems estimation as it is in single equation estimation [23] . In the present paper, we have employed a semi-log functional form often used in the empirical literature. The LA/AIDS model follows a semilog functional form which is known to be consistent with the empirical data on household budgeting behavior [7] . Autocorrelation, however, does pose a problem in many time series studies, and the present paper is no exception. Therefore, we devote the remainder of this subsection to describe the methods and results of our autocorrelation tests. The usual test of autocorrelation most authors use is the Durbin-Watson (DW) test. However, the DW test is only good for testing equation-by-equation autocorrelation and does not take into account residual correlations across equations. For this reason, we employ a system-wide autocorrelation test in addition to the single-equation tests to test for autocorrelation in the residuals.
We first estimate the model in (5) and test for autocorrelation in per capita consumption of fresh vegetables. The tests of autocorrelation used are the DW test, Harvey single-equation LM test, and Harvey overall system LM test. The test results show that the model in levels exhibits autocorrelation both in single equations and in the system as a whole (see results of the autocorrelation tests in Table 2 ). The null hypothesis for this test is no autocorrelation in the residuals. Notice in Table 2 that the model in levels shows smaller P values indicating rejection of the null hypotheses, while the first-differenced model has larger P values indicating no autocorrelation. Thus, we find that the problem of autocorrelation is resolved by estimating the model in first differences. This confirms what earlier researchers found concerning autocorrelation in the data, that is, differencing the data can achieve stationary parameter estimates. McGuirk et al. [23] and Eales and Unnevehr [24] noted that, generally, estimating the AIDS model in differences gets rid of autocorrelation problems. Therefore, we reestimate the LA/AIDS model in levels (5) as a firstdifferenced LA-AIDS model as follows:
where Δ is the first-difference operator (for a given series 
where δ i j is the Kronecker delta, equal to unity for i = j and zero otherwise.
As part of the misspecification tests, we have compared the static models outlined above to two dynamic models. In the first of the dynamic models, which is referred to as a general dynamic model, we included all lagged dependent variables as intercept shifters in all equations. In the second case only the lagged dependent variable of each respective equation was included as intercept shifters. In both cases, almost all the parameters of the lagged variables were statistically insignificant (results not reported). Further comparative diagnostic tests comparing the static models and dynamic models were also performed. Both the Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC) rejected the dynamic models in favor of the static models.
Data and Study Period
The data used to estimate the models are extracted from the Vegetables and Melons Yearbook jointly maintained by the USDA Economics, Statistics, and Market Information System and the Albert R. Mann Library, Cornell University. The dataset consists of US per capita annual consumption and retail prices of eight major fresh vegetables, covering the period 1970-2010. These are cabbages, carrots, celery, cucumbers, lettuce, onions, peppers, and tomatoes. Two factors guide our choice of the study period of 1970-2010. First of all, there has been a significant improvement in knowledge regarding the linkage between eating healthy foods (such as fresh vegetables) and reduced incidence of coronary heart diseases. As a consequence, we anticipate that using more recent data will accurately depict recent changes in consumption patterns of fresh vegetables. Second of all, the literature shows that there have been very few studies on demand for fresh vegetables in the USA during the period of 1970-2010. Two of the studies were conducted during an almost overlapping period: You et al. [4] covered the period 1960-1993, while Henneberry et al. [6] covered 1970-1992. There are no similar studies, to the best of our knowledge, that extends beyond the 90s into the 2000s.
Preliminary exploratory data analysis was performed to determine trends in per capita consumption over time. most of these vegetables generally tended to increase, in line with the law of demand. Tomatoes (Figure 2 Using the two-stage budgeting approach, conditional expenditure shares were computed for each of these vegetables. Figure 3 presents plots of these conditional expenditure shares over the period 1970-2010. Most of the expenditure shares have stayed constant while a few registered modest increases or declines over the period. In particular, the expenditure shares of tomatoes and peppers increased, while lettuce, cabbage, and celery saw a decline in share of budget allocation, and the remaining vegetables had stable budget share allocations. The conditional budget shares indicate that a dollar allocated to these eight vegetables in 1970 were broken down as follows: (cabbage: ¡ c7, carrots: ¡ c8, celery: ¡ c8, cucumbers: ¡ c5, lettuce: ¡ c25, onions: ¡ c10, pepper: ¡ c5, and tomatoes: ¡ c32). In 2010, the share allocation of the consumer dollar was (cabbage: ¡ c5, carrots: ¡ c7, celery: ¡ c4, cucumbers: ¡ c6, lettuce: ¡ c14, onions: ¡ c12, pepper: ¡ c15, and tomatoes: ¡ c37). Table 1 presents a decadal comparison of per-capita consumption of each vegetable type from 1970s to the 2000s. Consumption of cucumbers, onions, peppers and tomatoes has been increasing through the decades. The demand for cabbages, carrots, celery, and lettuce has held steady or decreased over the decades. Overall, the total consumption of these eight fresh vegetables has been steadily increasing from 1970 until 2000. The decline in consumption of these eight fresh vegetables from 2000 to 2010 could be attributed to the uptick in prices during that period (Figures 2(a)-2(h) ). On the whole, however, total consumption of all fresh vegetables has been increasing over the entire period of 1970-2010. This may be a reflection of health consciousness on the part of consumers.
Results and Discussion
In order to derive demand elasticity estimates for these fresh vegetables, we fitted the data using the Linearly Approximated AIDS model. The LA-AIDS model in levels, (5), was estimated to determine the presence or otherwise of serial correlation in the random error terms (see Table 4 ). We tested for homogeneity and symmetry restrictions in all equations, results of which are presented in Table 3 . Testing each of these restrictions at the 5% level, we find that homogeneity and symmetry cannot be rejected (Table 3) . Adding-up is automatically satisfied, thus, there was no need to impose it. To avoid singularity of the variancecovariance matrix, we dropped the tomatoes equation from the analysis. The coefficients in the tomatoes equation were then recovered using the adding-up conditions. It was found, using Durbin-Watson Statistics, that all the equations exhibited low to moderate autocorrelation ( Table 4 ). The DW tests corroborate those of the Harvey LM test presented in Table 2 . The coefficient of autocorrelation (rho) along with corresponding Durbin-Watson Statistics range from 0.013 (DW = 1.87) for the cabbage equation to a high of 0.465 (DW = 0.95) for the pepper equation (Table 4) . Therefore, the first-differenced LA-AIDS model, (8), which Economics Research International corrects for autocorrelation was estimated using Zellner's [22] Seemingly Unrelated Regression (SUR).
As in other studies we estimated the Rotterdam model using our dataset for the purpose of selecting the model that fits the data best. However, the Rotterdam model did not produce satisfactory results. That is to say that all the own-price elasticities turned up positive and statistically insignificant. Based on these unexpected elasticity signs, we rejected the Rotterdam model in favor of the AIDS model. Alston and Chalfant [18] show, using data on Canadian meat demand, that the AIDS and Rotterdam models do not always yield similar results. Thus, we present demand elasticity estimates based on the first-differenced LA-AIDS model. The parameter estimates of the first-differenced LA-AIDS model with homogeneity and symmetry restrictions imposed are presented in Table 5 . All the own-price coefficient estimates are statistically significant; cross-price effects are mostly negative and significant, while only two expenditure coefficients are significant.
Using the elasticity formulas in (9) and (10) we derived the uncompensated price and expenditure elasticities at the mean expenditure share of each commodity. Table 6 presents these uncompensated demand elasticities. With the exception of cabbage, all own-price elasticities are negative and statistically significant at the 5% level. . Except that of peppers, all expenditure elasticities are statistically significant at the 5% level. HPQ [6] found that most of these vegetables are income elastic or "luxuries," however, our results show that only two of these vegetables are considered "luxury" commodities by consumers, based on income elasticity greater 1 (carrots: 2.35, lettuce: 1.39). The others are "normal" goods with income elasticities less than 1 (cabbages: 0.93, celery: 0.75, cucumbers: 0.84, onions: 0.77, and tomatoes: 0.69).
All the cross-price elasticities that are statistically significant are negative, indicating complementarities in the consumption of these fresh vegetables. Close to half of the 56 cross-price elasticities are significantly different from zero, which is in contrast to YHE [4] where the majority of cross-price elasticities were not significant. For example, the cross-price elasticities show that there is a high degree of complementarity between carrots and lettuce (−0.50), carrots and tomatoes (−0.59), lettuce and tomatoes (−0.38), and cucumbers and tomatoes (−0.47). Our results further show that these cross-price elasticities are not symmetric. So for example, the change in demand for lettuce with respect to a change in price of tomatoes is −0.38, while the change in demand for tomatoes given a change in price of lettuce is only −0.04. In other words, while lettuce is a strong complement with tomatoes, one cannot say that tomatoes are a strong complement with lettuce. Put differently, if the price of tomatoes goes down by 1%, then consumers increase their demand for lettuce by 0.38%. However, if the price of lettuce goes down by 1%, consumers do not significantly change their demand for tomatoes. The same can be said about the relationship between carrots and lettuce, carrots and tomatoes, and cucumbers and tomatoes.
With changing consumer attitudes towards their choice of diets, we thought it was worthy of consideration to estimate these demand and expenditure elasticities over time to observe what changes there has been with regards to consumption of fresh vegetables. Thus, Table 7 presents the demand elasticities estimated at mean expenditure shares of different years. Similarly, Table 8 presents the expenditure elasticities over time. It can be inferred from Table 7 that the demand elasticities for most of these vegetables have remained fairly stable over the period under consideration. Table 8 shows that the expenditure elasticities have also generally remained constant throughout the period.
The effect of consumers' income on demand for fresh vegetables is implicitly accounted for in the LA/AIDS model. AIDS models typically include an expenditure (income) effect. Our estimated expenditure elasticities show that consumer demand for fresh vegetables does respond to changes in aggregate expenditures (income effect). Generally, almost all the eight vegetable types have elastic demand with respect to expenditure. This corroborates the assertion that higher income people do patronize fresh produce more than the lower income people [2] .
Limitations of the Study.
The major limitation of the present study is an inability to perform the analyses at a more disaggregated level such as state, county, or even the individual-level. This is primarily due to lack of disaggregated data. While data on per capita consumption of fresh vegetables is readily available at the national level, the same cannot be said about the state or county levels. Future research may explore ways of generating micro data to analyze the demand for fresh vegetables. Our inability to directly control for health information in this study is a serious limitation that we propose to undertake in future research: a health information index that captures consumers' awareness of the importance of consuming fresh vegetables should be incorporated in the analysis. This will help to explain the changing patterns in per capita vegetables consumption resulting from a heightened awareness of the linkage between diet and health.
Conclusion
Consumers have become increasingly more conscious of what they eat, as information on diet-related illnesses, such as coronary heart diseases, obesity, hypertension, and strokes, has filtered through the news media. The impact of this heightened awareness of diet-health relationship can be expected to lead to increases in demand for "healthy" foods such as fruits and vegetables and decreases in the Asymptotic t-ratios in parentheses.
consumption of "unhealthy" foods. With this in mind, this study sought to investigate trends in per capita consumption of fresh vegetables in the United States, using recent data on eight fresh vegetables which make up 80% of the vegetable portion of most households. This is not the first of its kind, but the current study utilizes a more recent dataset, 1970-2010, which previous studies, notably YHE [4] and HPQ [6] , did not have access to. We adopted a systems approach to demand analysis, in which the LA-AIDS model was estimated by Zellner's seemingly unrelated regression method. The results show that the demand for these vegetables is generally inelastic, both with respect to own-prices as well as cross-prices. The results show significant complementary, but asymmetric, relationship between these fresh vegetables than previously found by YHE [4] , which suggests that most of these fresh vegetables tend to be consumed together. Expenditure elasticities are positive and statistically significant. Over time, the demand and expenditure elasticities have remained stable during the period 1970-2010.
